(4-(4 octylobiphenyl)carboxylan) 4-(2-methylobuthyl) phenol (CE8), the substance showing complex polymorphism, has been investigated using the dielectric spectroscopy method. This substance exhibited polymorphism during heating and cooling: a few smectic phases, a cholesteric phase, and a blue phase as well. Despite the fact that the substance polymorphism depends on the rate of heat ow existing of the blue phase has been conrmed by polarizing microscopic observations as well as dielectric spectroscopy investigations.
plying an electric eld to the material that this could eventually be used to produce three-colour (red, green, and blue) pixels for full-colour displays [2] . Thus the blue phase becomes the very interesting mesophase for basic investigation as well as for applications. In 2007
Samsung presented the rst LCD Blue Phase display which does not require anisotropic alignment layers (e.g., rubbed polyimide) and thus simplied the LCD manufacturing process.
The blue phase (correctly speaking: phases) occurs extremely rarely in the temperature range between * corresponding author; e-mail: w_otowski@wp.pl cholesteric (a chiral nematic) phase and isotropic liquid phase. It is a state with unusual properties. Generally blue phase has a regular three-dimensional cubic structure.
The competition between the chiral forces and a double twist structure leads to stable network [3] .
There are three stable blue phases labelled BPI, BPII and BPIII upon increasing the temperature from the chiral nematic to isotropic phase. Except that the blue phase is a curiosity of nature, it proves to be quite an interesting system for studying the properties of oriented molecule systems.
Taking into account the dielectric spectroscopy we must realise that this technique monitors macroscopic properties of the system. Dielectric spectroscopy measures the collective response of a charge-free system to an applied electric eld. The entire spectral density of the molecular motion comes from a bulk liquid crystal. So, in dielectric experiment one observes the motion of a probe molecule. Because the dielectric probe molecule could not be considered as a real liquid crystal mesogen, one should consider an important problem how to transform a probe molecule to a real liquid crystal one [4] .
Because of chirality of the investigated material, one may expect two collective processes in ferroelectric SmC phase. Besides the molecular processes, one should observe the Goldstone mode in the whole temperature range and the soft mode close to the transition temperature.
Both are strong collective modes observed in planar ge-
ometry. Soft mode (amplitudon mode) is uctuations in the angle. The Goldstone helix distortion mode (phason mode) is uctuations in the phase angle (tilt direction).
The low-frequency dielectric measurements of CE8 as the functions of both the temperature and a bias electric eld has been done by Cava et al. [5] . They measured CE8
liquid crystal in chiral and recemic forms. Important information is that they observed one ColeCole process. as SmA.
Finally we propose the following phase diagram:
• on heating Cr 49.2
• C SmG 66.5
• C SmI 68.9
• C SmC 72.5
• C SmA 139.5
• on cooling I 144.5 [6] .
The calculation was performed with ChemSketch version CAChe/PM5 [6] . The total dipole moment of CE8 is almost parallel to the long molecular.
It makes a relatively small angle with the long molecular axis (see Table) . The long molecular axis is the axis of the lowest moment of inertia. The compound should have moderate positive dielectric anisotropy. The octyloxy chain is all-trans and in plane of the bond benzene ring. The benzene rings in the biphenyl moiety are twisted by 50.6
• , which is in the limit of expectation compared to literature data about biphenyl. The carboxyl group COO is twisted by a dihedral angle of 30.8
• . More exact calculations using ab initio methods yield about 0
• for this dihedral, which is near to experimental data in the solid state. But ab initio methods cannot be applied in a large molecule like the actual one. The right benzene ring is nearly perpendicular to the middle benzene ring. The butyl chain is in all-trans conformation, and nearly perpendicular to the plane of the bond benzene ring, as usual in alkyl benzenes [6] . One may check our data comparing them with that given by Homann see Table [7] .
Results
Dielectric measurements were performed at KU Leuven (Belgium) using a high-resolution dielectric analyser We want to emphasize that value of ε stat measured by us (for 5.0 µm thick lm system) is in very good agreement with data presented by Cava et al. for 25 µm thick system [5] . However, one should keep in mind that they did not observe a blue phase. 
where ω is the angular frequency, ε ∞ is the high frequencies limit of the dielectric constant, τ k the mean relaxation time and α k and β k the shape parameters describing the symmetric and asymmetric broadening of the relaxation peak. We have to emphasis that in our case β parameter was always one HN equation was transformed into the ColeCole (CC) one (symmetric distribution). Figure 3 presents the 3D plot of dielectric data (ε and ε ) observed on heating. However we carry out Fig. 3 . The dielectric dispersion and absorption data observed on heating for CE8.
measurements on heating and cooling. We did not observe signicant dierences for heating and cooling runs.
We noticed only some shift of transition temperatures which is common observation for liquid crystal systems.
Nevertheless, for the better thermodynamic stability of the sample, the data analysis was done for cooling cycles.
The observed complex dielectric constants ε * were tted to the real and the imaginary parts of CC equation
to nd the specic molecular dynamics at the dierent phases of investigated liquid crystal. General conclusion is that the bulk CE8 sample exhibits at least two molecular processes in each phase which for instance is clearly visible in Fig. 4 for 80 • C. where the ohmic conduction plays an important role we evaluate conductivity σ (Fig. 5) . To extract these specic data we excluded a conductivity contribution from the complex dielectric constants ε * . An elegant way to remove ohmic conduction from measured loss spectra uses KramersKronig relation, whereby we transform the real part ε into an imaginary part ε KK that is solely based on relaxation phenomena. By virtue of this, ε KK lacks the ohmic conduction term [8] . So, in turn, it indicates that resulting process is of molecular origin. Finally in the complex relaxation spectra, we can identify four modes (four processes). Fortunately for all modes CC parameter α is relatively small (varying from 0.75 to 1.00) (Fig. 6 ). Being benecial of small α value it turns out that we deal with (almost) Debye-like processes. So molecular interpretation via relaxation time may be more accurate. 
Molecular interpretation
It is shown that almost all observed processes are characterized by α parameter practically equal to 1 the Debye processes (Fig. 8) . Only rst process for some mesophases seems to be complex one α parameter changes from 0.75 to 0.95. The eect of the α parameter is commonly interpreted as a measure of a symmetric distribution of the dielectric relaxation times. In the real systems, local uctuations of molecular structure or environment (the long-range dipolar correlation) which is responsible for a dielectric friction might result in a distribution of relaxation times. However, we should note that the translational motion may reduce distribution of relaxation times [4] . So, one might expect Debye like relaxation in liquid crystals. NordioRigattiSegre (NRS) gave the theory for the relaxation of the complex dielectric permittivity in the local anisotropic potential of the liquid crystal state [9] .
NRS theory relates the complex permittivity ε * to the dipole moment components µ l and µ t of the mesogen. Let us begin the molecular description of four modes observed by us from mode one:
• First mode has relatively big dielectric amplitude (one order of magnitude higher than the others).
Its activation energy decreases slightly with increasing temperature (from 27.6 kJ/mol at 47 • C to 21.5 kJ/mol at 136 • C). Because the total dipole (µ tot = 2.27 D) is almost parallel to the long molecular (µ x = 2.18 D)axis and dielectric spectrum is proportional to the dipole moment we suggest that molecular origin of this process is the reorientation around the short molecular axis (end-over--end rotation). Process is visible over all smectic phases which may support our interpretation.
Process is slow at transition temperature to SmG phase relaxation time is even of the order of seconds which might be due to the dense molecular packing seen for instance in X-ray experiment [11] . This is consistent with the above de- process. We assigned it to the reorientation around the short molecular axis [12] .
• • Third mode, visible throughout liquid-like mesophases is the fasted one. We assume that the foregoing Debye process may be due the conformational motion (intra reorientation) or precessional motion about director of the CE8 molecule. • [15] ). In the blue phases where the regular three--dimensional cubic structure appears the activation energy is unchanged. For bulk measurements slowing-down eect is similar within spatial structure of cholesteric and blue phases. According to the NordioRigattiSegre theory, in the isotropic phase, one might observe two main processes: reorientations around the long and short molecular axes (so we observe ColeCole process). However, in the isotropic phase long molecular axes are distributed almost randomly. So, reorientation around the long molecular axis which is mainly responsible for this mode may be assumed to be as restricted as for cholesteric and blue phases. We do not observe any change in the activation energy at transition point. To compare the activation energy of 7.OAOB in isotropic phase is E iso = 27 kJ/mol (as presented in [15] ). The relaxation strength (dielectric amplitude) which is temperature independent throughout discussed phases also conrms molecular interpretation of mode fourth. Intentionally we did not apply to CE8 sample any external ordering agent. So, symmetric distribution of relaxation time (the ColeCole process) is a natural consequence of bulk dielectric measurements. This process is relatively slow (the relaxation time τ of the order of ms). As it was suggested by Homann, the CE8 liquid crystal in static conditions will act as an isotropic dielectric [7] . Thus our statement that we are dealing with symmetric distribution of relaxation time is legitimate.
Conclusions
For (4-(4 octylobiphenyl)carboxylan) 4-(2-methylobuthyl) phenol we observe complex molecular dynamic in all mesophases including blue phase. Throughout smectic phases we identify at least two processes. The analysis of the dielectric relaxation processes allows to make a general statement; we deal with Debye-like or almost Debye-like molecular processes. The origin of observed processes is reorientation of the rigid core about the short and long molecular axes as well as intra reorientation. We noticed eect of dipoledipole interaction seen via ferroelectric cluster reorientation. In the cholesteric, blue and isotropic phases we classied the relaxation processes as the ColeCole type. The molecular origin of studied processes is mainly reorientation of the transverse dipole moment components due to rotation around the long molecular axis.
